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(54) TIRE

(57) A tire including a tire frame member, a reinforc-
ing layer, and projections. The tire frame member is cir-
cular and is formed from a resin material, and includes
a bead portion, a side portion continuous with a tire radial
direction outer side of the bead portion, and a crown por-
tion continuous with a tire width direction inner side of
the side portion. The reinforcing layer is provided at a tire
radial direction outer side of the crown portion, and is
formed by covering, with rubber, a reinforcing cord ex-

tending in a direction intersecting the tire width direction.
The projections are respectively formed at both tire width
direction sides of the crown portion such that the rein-
forcing layer is interposed between the projections. Each
projection projects toward the tire radial direction outer
side, and includes a projection wall face contacted by a
side face of the reinforcing layer at the tire width direction
inner side of the projection.
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Description

Technical Field

[0001] The present invention relates to a tire, and in
particular a tire having a tire frame member formed using
a resin material.

Background Art

[0002] In recent years, there has been demand for the
use of resin materials (for example thermoplastic resins
and thermoplastic elastomers) as tire materials, from the
perspectives of weight reduction, ease of molding, and
ease of recycling.
[0003] Japanese Patent Application Laid-Open (JP-A)
No. H03-143701 describes a tire in which a reinforcing
layer formed by rubber-covered reinforcing cords, and a
rubber tread, are laid over a flat crown portion of a resin
tire frame member.

SUMMARY OF INVENTION

Technical Problem

[0004] In the tire described in JP-A No. H03-143701,
a difference in rigidity arises between the resin tire frame
member and the rubber-containing reinforcing layer.
When tire width direction force is input to the tread during
cornering and the like, the rubber configuring the rein-
forcing layer undergoes elastic deformation with the
tread, such that the reinforcing layer moves in the tire
width direction with respect to the tire frame member.
Depending on the magnitude of the tire width direction
input, there could therefore be a possibility of an exces-
sive separation force arising between the tire frame mem-
ber and the reinforcing layer.
[0005] In consideration of the above circumstances,
an object of the present invention is to provide a tire ca-
pable of suppressing an excessive separation force from
arising between a rubber-containing reinforcing layer and
a tire frame member formed from a resin material in re-
sponse to tire width direction input.

Solution to Problem

[0006] A tire of a first aspect of the present invention
includes a tire frame member, a reinforcing layer, and
projections. The tire frame member is circular and is
formed from a resin material. The tire frame member in-
cludes a bead portion, a side portion continuous with a
tire radial direction outer side of the bead portion, and a
crown portion continuous with a tire width direction inner
side of the side portion. The reinforcing layer is provided
at a tire radial direction outer side of the crown portion,
and is formed by covering, with rubber, a reinforcing cord
extending in a direction intersecting the tire width direc-
tion. The projections are respectively formed at both tire

width direction sides of the crown portion such that the
reinforcing layer is interposed between the projections.
Each projection projects toward the tire radial direction
outer side, and includes a projection wall face contacted
by a side face of the reinforcing layer at a tire width di-
rection inner side of the projection.
[0007] In the tire of the first aspect, the respective pro-
jections are formed at both tire width direction sides of
the crown portion such that the reinforcing layer is inter-
posed between the projections. The projection wall faces
of the projections are contacted by the respective side
faces of the reinforcing layer. The tire is thus more ca-
pable of suppressing tire width direction movement of
the reinforcing layer caused by elastic deformation of the
rubber configuring the reinforcing layer (rubber covering
the reinforcing cord) in response to tire width direction
input than, for example, a configuration in which the re-
inforcing layer is provided on a flat crown portion.
[0008] This thereby enables an excessive separation
force to be suppressed from arising between the rubber-
containing reinforcing layer and the tire frame member
that is formed from a resin material in response to tire
width direction input.
[0009] A tire of a second aspect of the present invention
is the tire of the first aspect, wherein each projection is
annular and extends along a tire circumferential direction.
[0010] In the tire of the second aspect, each projection
is annular and extends along the tire circumferential di-
rection, thereby enabling tire width direction movement
of the reinforcing layer to be further suppressed.
[0011] A tire of a third aspect of the present invention
is the tire of either the first aspect or the second aspect,
wherein a height of each projection is no greater than a
thickness of the reinforcing layer.
[0012] In the tire of the third aspect, the height of each
projection is no greater than the thickness of the reinforc-
ing layer. This thereby enables localized increases in ri-
gidity at locations corresponding to the projections of the
crown portion to be suppressed in comparison to config-
urations in which, for example, the height of a projection
is greater than the thickness of a reinforcing layer.
[0013] A tire of a fourth aspect of the present invention
is the tire of the third aspect, wherein the height of each
projection is greater than a length along the tire radial
direction from an inner circumferential surface of the re-
inforcing layer to a tire radial direction inner side end por-
tion of the reinforcing cord.
[0014] In the tire of the fourth aspect, the height of each
projection is greater than the tire radial direction length
from the inner circumferential surface of the reinforcing
layer to the tire radial direction inner side end portion of
the reinforcing cord. This thereby enables movement of
the reinforcing cord due to elastic deformation of the rub-
ber configuring the reinforcing layer in response to tire
width direction input to be suppressed. This thereby en-
ables an excessive separation force to be effectively sup-
pressed from arising between the tire frame member and
the reinforcing layer in response to tire width direction
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input.
[0015] A tire of a fifth aspect of the present invention
is the tire of any one of the first aspect to the fourth aspect,
wherein the reinforcing layer is formed by winding the
rubber-covered reinforcing cord in a tire circumferential
direction to form a spiral pattern.
[0016] In the tire of the fifth aspect, the reinforcing layer
is formed by winding the rubber-covered reinforcing cord
in the tire circumferential direction to form a spiral pattern
between the projections on both tire width direction sides
thereof. This thereby improves the tire circumferential
direction rigidity of the crown portion.
[0017] A tire of a sixth aspect of the present invention
is the tire of the fifth aspect, wherein, as viewed from the
tire radial direction outer side of the crown portion, each
projection wall face is inclined in the same direction as
the reinforcing cord with respect to the tire circumferential
direction.
[0018] In the tire of the sixth aspect, the projection wall
faces are inclined in the same direction as the reinforcing
cord with respect to the tire circumferential direction, such
that a spacing (in other words, the thickness of the rubber)
between the projection wall faces and the reinforcing cord
is substantially uniform. Accordingly, in the tire, the ad-
vantageous effect of suppressing movement of the rein-
forcing cord caused by elastic deformation of the rubber
configuring the reinforcing layer in response to tire width
direction input is greater than in a configuration in which,
for example, the projection wall faces are inclined in a
different direction than the reinforcing cord with respect
to the tire circumferential direction. This thereby enables
an excessive separation force to be effectively sup-
pressed from arising between the tire frame member and
the reinforcing layer in response to tire width direction
input.
[0019] A tire of a seventh aspect of the present inven-
tion is the tire of any one of the first aspect to the sixth
aspect, further including a cover layer that is formed by
covering plural cover cords with rubber, that extends from
the bead portion to the side portion, and that covers an
outer face of the side portion.
[0020] In the tire of the seventh aspect, the outer face
of the side portion is covered by the cover layer formed
by covering plural cover cords with rubber. The cut re-
sistance performance and weather resistance of the side
portion is thereby improved in comparison to, for exam-
ple, a configuration in which the outer face of the side
portion is not covered with the cover layer.

Advantageous Effects of Invention

[0021] As described above, the present invention is
capable of providing a tire capable of suppressing an
excessive separation force from arising between a tire
frame member formed from a resin material and a rubber-
containing reinforcing layer in response to tire width di-
rection input.

BRIEF DESCRIPTION OF DRAWINGS

[0022]

Fig. 1 is a cross-section of a tire according to a first
exemplary embodiment of the present invention, tak-
en along a tire width direction.
Fig. 2 is an enlarged cross-section of the portion of
the tire indicated by arrow 2 in Fig. 1.
Fig. 3 is a plan view of a reinforcing layer and a tire
frame member of the tire of Fig. 1, as viewed from a
tire radial direction outer side.
Fig. 4 is a perspective view illustrating a tire width
direction cross-section of a tire frame member em-
ployed in a tire according to the first exemplary em-
bodiment of the present invention, and illustrates a
state in which a reinforcing cord has been wound
onto the tire frame member.
Fig. 5 is a cross-section of a tire according to a sec-
ond exemplary embodiment of the present invention,
taken along the tire width direction.
Fig. 6 is a perspective view illustrating a tire width
direction cross-section of a reinforcing layer em-
ployed in a tire according to a third exemplary em-
bodiment of the present invention.
Fig. 7 is a perspective view illustrating a tire width
direction cross-section of a modified example of a
reinforcing layer employed in a tire according to the
third exemplary embodiment of the present inven-
tion.
Fig. 8 is a plan view to explain a manufacturing meth-
od of a tire according to the third exemplary embod-
iment of the present invention, and illustrates a tire
frame member as viewed from the tire radial direction
outer side.
Fig. 9 is a plan view to explain an alternative manu-
facturing method of a tire according to the third ex-
emplary embodiment of the present invention, and
illustrates a tire frame member as viewed from the
tire radial direction outer side.
Fig. 10 is a perspective view illustrating a tire width
direction cross-section to explain an alternative man-
ufacturing method of a tire according to the first ex-
emplary embodiment of the present invention.
Fig. 11 is a cross-section of a tire according to a
fourth exemplary embodiment of the present inven-
tion, taken along a tire width direction.
Fig. 12 is a perspective view illustrating a tire width
direction cross-section of a first modified example of
a reinforcing layer employed in a tire according to
the first exemplary embodiment of the present inven-
tion.
Fig. 13 is a perspective view illustrating a tire width
direction cross-section of a second modified exam-
ple of a reinforcing layer employed in a tire according
to the first exemplary embodiment of the present in-
vention.
Fig. 14 is a perspective view illustrating a tire width
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direction cross-section of a third modified example
of a reinforcing layer employed in a tire according to
the first exemplary embodiment of the present inven-
tion.

DESCRIPTION OF EMBODIMENTS

[0023] Explanation follows regarding tires according to
exemplary embodiments of the present invention, with
reference to the drawings.
[0024] In the drawings, the arrow TW indicates a tire
width direction, the arrow TR indicates a tire radial direc-
tion (a direction orthogonal to a tire axis of rotation (not
illustrated in the drawings)), and the arrow TC indicates
a tire circumferential direction. In the following explana-
tion, the side closer toward the axis of rotation of the tire
in the tire radial direction is referred to as the "tire radial
direction inner side", and the side further from the axis
of rotation of the tire in the tire radial direction is referred
to as the "tire radial direction outer side". The side closer
to a tire equatorial plane CL in the tire width direction is
referred to as the "tire width direction inner side", and the
opposite side thereto, namely the side further from the
tire equatorial plane CL in the tire width direction, is re-
ferred to as the "tire width direction outer side".
[0025] Moreover, the methods for measuring dimen-
sions of the respective parts of the tire are based on the
methods set out in the Japan Automobile Tyre Manufac-
turers Association (JATMA) YEAR BOOK, 2015 edition.

First Exemplary Embodiment

[0026] As illustrated in Fig. 1, a tire 10 of a first exem-
plary embodiment is a pneumatic tire employed when
internally filled with air, and has a cross-section profile
substantially the same as that of a traditional general
rubber pneumatic tire.
[0027] The tire 10 of the present exemplary embodi-
ment includes a tire frame member 17 configuring a frame
section of the tire 10. The tire frame member 17 is formed
in a circular shape using a resin material. The tire frame
member 17 is configured including a pair of bead portions
12 disposed spaced apart from each other in the tire width
direction, side portions 14 continuing from tire radial di-
rection outer sides of the bead portions 12, and a crown
portion 16 continuing from the tire width direction inner
sides of the side portions 14 and connecting together tire
radial direction outer side ends of the respective side
portions 14.
[0028] Note that the circumferential direction, width di-
rection, and radial direction of the tire frame member 17
respectively correspond to the tire circumferential direc-
tion, the tire width direction, and the tire radial direction.
[0029] The tire frame member 17 is formed using a
resin material as its main raw material. "Resin materials"
do not encompass vulcanized rubber. Examples of the
resin material include thermoplastic resins (including
thermoplastic elastomers), thermosetting resins, and

other generic resins, as well as engineering plastics (in-
cluding super-engineering plastics).
[0030] Thermoplastic resins (including thermoplastic
elastomers) refer to polymer compounds that undergo
material softening and flow as temperature increases,
while adopting a comparatively hard and strong state
when cooled. The present specification distinguishes be-
tween thermoplastic elastomers, these being polymer
compounds that undergo material softening and flow as
temperature increases, while adopting a comparatively
hard and strong state when cooled, and that exhibit rub-
ber-like elasticity; and non-elastomer thermoplastic res-
ins, these being polymer compounds that undergo ma-
terial softening and flow as temperature increases, while
adopting a comparatively hard and strong state when
cooled, and that do not exhibit rubber-like elasticity.
[0031] Examples of thermoplastic resins (including
thermoplastic elastomers) include polyolefin-based ther-
moplastic elastomers (TPO), polystyrene-based thermo-
plastic elastomers (TPS), polyamide-based thermoplas-
tic elastomers (TPA), polyurethane-based thermoplastic
elastomers (TPU), polyester-based thermoplastic elas-
tomers (TPC), and thermoplastic vulcanizates (TPV), as
well as polyolefin-based thermoplastic resins, polysty-
rene-based thermoplastic resins, polyamide-based ther-
moplastic resins, and polyester-based thermoplastic res-
ins.
[0032] Thermoplastic materials having a deflection
temperature under load (at a load of 0.45 MPa) as defined
under ISO75-2 or ASTM D648 of 78°C or greater, a ten-
sile yield strength as defined under JIS K7161 of 10 MPa
or greater, a tensile elongation at break, similarly defined
under JIS K7161, of 50% or greater, and a Vicat softening
temperature (method A) as defined under JIS K7206 of
130°C or greater, may, for example, be employed for the
thermoplastic materials listed above.
[0033] Thermosetting resins refer to polymer com-
pounds that form a three dimensional network structure
and harden as temperature increases. Examples of ther-
mosetting resins include phenolic resins, epoxy resins,
melamine resins, and urea resins.
[0034] Note that other than the thermoplastic resins
(including thermoplastic elastomers) and the thermoset-
ting resins already described, generic resin materials in-
cluding (meta-)acrylic-based resins, EVA resins, vinyl
chloride resins, fluororesins, and silicone based resins
may be employed as the resin material.
[0035] Note that the tire frame member 17 may be
formed from a single resin material, or respective loca-
tions of the tire frame member 17 (such as the bead por-
tions 12, the side portions 14, and the crown portion 16)
may be formed from resin materials having different char-
acteristics to each other. Moreover, in the present exem-
plary embodiment, the tire frame member 17 is formed
from a thermoplastic resin.
[0036] As illustrated in Fig. 1, the bead portions 12 are
locations that fit together with a standard rim (not illus-
trated in the drawings) through covering rubber 24, and
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an annular bead core 18 extending along the tire circum-
ferential direction is embedded inside each bead portion
12. The bead core 18 is configured by a bead cord (not
illustrated in the drawings) that is a metal cord (for ex-
ample a steel cord), an organic fiber cord, a resin-covered
organic fiber cord, or a hard resin. Note that the bead
cores 18 may be omitted as long as sufficient rigidity of
the bead portions 12 can be secured.
[0037] The side portions 14 are locations configuring
side portions of the tire 10, and curve around gently from
the respective bead portions 12 toward the crown portion
16 so as to protrude toward the tire width direction outer
side.
[0038] The crown portion 16 is a location that supports
a tread 30, described later, that is laid at the tire radial
direction outer side of the crown portion 16. Of an outer
circumferential surface of the crown portion 16, a location
between projections 32 on both tire width direction sides
of the crown portion 16, described later, is configured
with a flat profile.
[0039] A reinforcing layer 28 is laid at the tire radial
direction outer side of the crown portion 16. The reinforc-
ing layer 28 is formed by winding a rubber-covered rein-
forcing cord 26 (covered by rubber 27) in the tire circum-
ferential direction to form a spiral pattern. In other words,
the reinforcing layer 28 is formed by winding a reinforcing
cord member 25, formed by covering the reinforcing cord
26 with the rubber 27, in the tire circumferential direction
to form a spiral pattern. Note that the rubber covering the
reinforcing cord 26 is indicated by the reference number
27 in Fig. 2. Moreover, the rubber 27 covering the rein-
forcing cord 26 has a substantially rectangular external
profile. Note that the reinforcing layer 28 of the present
exemplary embodiment is an example of a reinforcing
layer of the present invention.
[0040] The tread 30 is laid at the tire radial direction
outer side of the reinforcing layer 28. The tread 30 covers
the reinforcing layer 28. The tread 30 is formed with a
tread pattern (not illustrated in the drawings) on a ground
contact face that contacts a road surface.
[0041] Covering rubber 24 is laid on the tire frame
member 17 so as to span from an outer face of each side
portion 14 to an inner face of the corresponding bead
portion 12. A rubber material having superior weather
resistance to the tire frame member 17 and superior seal-
ing properties with respect to a standard rim superior
than the tire frame member 17 is employed as the rubber
material configuring the covering rubber 24. Note that in
the present exemplary embodiment, the outer face of the
tire frame member 17 is fully covered by the tread 30 and
the covering rubber 24.
[0042] Next, detailed explanation follows regarding the
projections 32.
[0043] As illustrated in Fig. 1 and Fig. 3, the respective
projections 32 are formed on both tire width direction
sides, on either side of the reinforcing layer 28 of the
crown portion 16. Moreover, the projections 32 are loca-
tions that project out from the outer circumferential sur-

face of the crown portion 16 toward the tire radial direction
outer side, and are formed continuously along the tire
circumferential direction. Moreover, the projections 32
are each formed with a substantially rectangular cross-
section profile. At least an inner circumferential portion
28A of the reinforcing layer 28 is disposed between the
projections 32, and side faces 28B of the reinforcing layer
28 contact projection wall faces 32A on the tire width
direction inner sides of the projections 32. Note that the
side faces 28B of the reinforcing layer 28 of the present
exemplary embodiment are formed by the rubber 27 cov-
ering the reinforcing cord 26.
[0044] As illustrated in Fig. 2, a height H of the projec-
tions 32 is set so as to be no greater than a thickness T
of the reinforcing layer 28, and to be a height greater than
a tire radial direction length L1 from an inner circumfer-
ential surface of the reinforcing layer 28 to a tire radial
direction inner side end portion 26A of the reinforcing
cord 26. Note that the height of the projections 32 referred
to here indicates the tire radial direction length from the
flat outer circumferential surface of the crown portion 16.
[0045] Moreover, in the present exemplary embodi-
ment, the height H of the projections 32 is set so as to
be a height greater than a tire radial direction length L2
from the inner circumferential surface of the reinforcing
layer 28 to the center of the reinforcing cord 26.
[0046] As illustrated in Fig. 3, as viewed from the tire
radial direction outer side of the crown portion 16, pro-
jection wall faces 32A of each projection 32 are inclined
in the same direction as the reinforcing cord 26 with re-
spect to the tire circumferential direction. Specifically, the
projection wall faces 32A are each configured including
an inclined portion 33 that is inclined in the same direction
as the reinforcing cord 26 with respect to the tire circum-
ferential direction and that is contacted by the side face
28B of the reinforcing layer 28, and a step portion 34
formed with a stepped profile in the tire width direction
with respect to the inclined portion 33. Each step portion
34 is connected to an end portion (a winding-start end or
a winding-end end) of the reinforcing cord 26 of the re-
inforcing layer 28, either directly or through the rubber 27.
[0047] Moreover, as illustrated in Fig. 2, the respective
projection wall faces 32A of the projections 32 extend in
the tire radial direction. In other words, the projection wall
faces 32A are substantially perpendicular to the outer
circumferential surface of the crown portion 16. Note that
the present invention is not limited to such a configura-
tion, and configuration may be made in which the projec-
tion wall faces 32A are gradually inclined toward the tire
width direction outer sides, or configuration may be made
in which the projection wall faces 32A are inclined in steps
toward the tire width direction outer side, on progression
from the tire radial direction inner side toward the tire
radial direction outer side.
[0048] Note that in the present exemplary embodi-
ment, the resin material configuring the tire 10 and the
rubber are bonded together using an adhesive. Specifi-
cally, the tire frame member 17 and the rubber 27 con-
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figuring the reinforcing layer 28 are bonded together us-
ing an adhesive, and the tire frame member 17 and the
tread 30 are adhered together using an adhesive. More-
over, the tire frame member 17 and the covering rubber
24 are similarly adhered together using an adhesive.
[0049] Next, explanation follows regarding an example
of a manufacturing method of the tire 10 of the present
exemplary embodiment.
[0050] First, explanation follows regarding a frame
forming process.
[0051] In the frame forming process, a pair of tire frame
half parts (not illustrated in the drawings) corresponding
to halves of the tire frame member 17 divided about the
crown portion 16 are formed by injection molding a resin
material. During injection molding, one projection 32 is
formed to the divided crown portion 16 of each tire frame
half part. Note that the tire frame half parts are injection
molded in a state in which a pre-formed bead core 18
has been disposed at a predetermined position inside
the mold. The bead core 18 is thus embedded in the bead
portion 12 of the molded tire frame half part.
[0052] Next, the pair of tire frame half parts are bonded
together by thermal welding so as to form the tire frame
member 17.
[0053] Then, unvulcanized covering rubber that will be-
come the covering rubber 24 is affixed to the tire frame
member 17 from the outer faces of the side portions 14
to the inner faces of the bead portions 12. The tire frame
member 17 provided with unvulcanized covering rubber
is thus formed.
[0054] Note that in the present exemplary embodi-
ment, a pair of the tire frame half parts are formed, and
the pair of tire frame half parts are bonded together in
order to form the tire frame member 17. However, the
present invention is not limited to such a configuration.
For example, the tire frame member 17 may be formed
from three or more divided parts (such as the bead por-
tions 12, the side portions 14, and the crown portion 16),
and the divided parts may be bonded together to form
the tire frame member 17. Alternatively, the tire frame
member 17 may be formed undivided.
[0055] Next, explanation follows regarding a reinforc-
ing layer forming process.
[0056] In the reinforcing layer forming process, as il-
lustrated in Fig. 4, the reinforcing cord 26, covered with
unvulcanized rubber 27G that will become the rubber 27,
is wound to form a spiral pattern between the projections
32 (referred to below as "the two projections 32" as ap-
propriate) on both tire width direction sides of the crown
portion 16, thereby forming an unvulcanized reinforcing
layer 28G. In other words, the reinforcing layer 28G is
formed by winding an unvulcanized reinforcing cord
member 25G, formed by covering the reinforcing cord 26
with the rubber 27G, in the tire circumferential direction
to form a spiral pattern between the two projections 32
of the crown portion 16. Note that the unvulcanized re-
inforcing cord member 25G will become the reinforcing
cord member 25 after undergoing vulcanization.

[0057] Specifically, first, a winding-start end portion at
one end portion of the unvulcanized reinforcing cord
member 25G is abutted against the step portion 34 (see
Fig. 3) of the projection wall face 32A of one of the pro-
jections 32, and in this state, the reinforcing cord member
25G is wound around one turn while abutting a side face
of the reinforcing cord member 25G against the inclined
portion 33. Following this, the reinforcing cord member
25G is wound in a spiral pattern against a bottom face
of the projection 32 while abutting the next portion to be
wound against a portion wound in the previous turn.
Then, a winding-end end portion at the other end portion
of the reinforcing cord member 25G is abutted against
the step portion 34 after winding the reinforcing cord
member 25G around one turn while abutting a side face
of the reinforcing cord member 25G against the inclined
portion 33 of the projection wall face 32A positioned on
a winding-end side of the reinforcing cord member 25G.
The unvulcanized reinforcing layer 28G is thus formed
in this manner.
[0058] In the reinforcing layer forming process de-
scribed above, configuration is made such that winding
is started while abutting the side face of the unvulcanized
reinforcing cord member 25G against the projection wall
face 32A of one of the projections 32, and winding is
ended while abutting the side face of the reinforcing cord
member 25G against the other projection wall face 32A.
This thereby improves positioning precision of the unvul-
canized reinforcing layer 28G after the reinforcing layer
forming process.
[0059] Moreover, since at least the inner circumferen-
tial portion of the reinforcing layer 28G is disposed be-
tween the two projections 32, during a vulcanization proc-
ess, described later, the projection wall faces 32A act as
dams, thereby suppressing the unvulcanized rubber 27G
from flowing out to the tire width direction outer side of
the projection wall faces 32A. In particular, in the present
exemplary embodiment, the projection wall faces 32A
extend in the tire radial direction, thereby enabling the
rubber 27G to be effectively suppressed from flowing out
to the tire width direction outer side of the projection wall
faces 32A. This thereby enables the reinforcing cord 26
in the reinforcing layer 28 to be disposed at a more uni-
form spacing after vulcanization.
[0060] Next, explanation follows regarding a tread
placement process. In the tread placement process, un-
vulcanized tread rubber (not illustrated in the drawings)
that will become the tread 30 is disposed at the tire radial
direction outer side of the unvulcanized reinforcing layer
28G. Specifically, unvulcanized tread rubber in a belt
shape corresponding to one full turn of the tire is wound
onto the outer circumference of the tire frame member 17.
[0061] Next, explanation follows regarding the vulcan-
ization process. In the vulcanization process, the unvul-
canized rubber 27G adhered to the tire frame member
17, the unvulcanized tread rubber, and the unvulcanized
covering rubber are vulcanized. Specifically, the tire
frame member 17 is set in a vulcanizer, and the unvul-
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canized rubber 27, the unvulcanized tread rubber, and
the unvulcanized covering rubber are vulcanized by heat-
ing to a predetermined temperature for a predetermined
length of time. The unvulcanized rubber 27G, the unvul-
canized covering rubber, and the unvulcanized tread rub-
ber are thus vulcanized until they reach the level of vul-
canization of the final product.
[0062] Next, the vulcanized tire 10 is removed from the
vulcanizer. The tire 10 is thus completed.
[0063] Note that the sequence of the respective proc-
esses in the tire manufacturing method of the tire accord-
ing to the present exemplary embodiment may be mod-
ified as appropriate. For example, before affixing the un-
vulcanized covering rubber to the tire frame member 17,
the reinforcing layer 28 may be disposed on the crown
portion 16 and the unvulcanized tread rubber may be
disposed over the reinforcing layer 28. Moreover, con-
figuration may be made in which unvulcanized covering
rubber is affixed to tire half parts before bonding together
the pair of tire half parts.
[0064] Next, explanation follows regarding operation
and advantageous effects of the tire 10 of the present
exemplary embodiment.
[0065] In the tire 10, the respective projections 32 are
formed on both tire width direction sides, and the rein-
forcing layer 28 of the crown portion 16 is interposed
therebetween. The side faces 28B of the reinforcing layer
28 contact the respective projection wall faces 32A of the
projections 32. In other words, the reinforcing layer 28 is
restrained from both tire width direction sides by the two
projection wall faces 32A. Accordingly, in the tire 10, tire
width direction movement of the reinforcing layer 28 with
respect to the tire frame member 17 as a result of elastic
deformation of the rubber 27 configuring the reinforcing
layer 28 in response to tire width direction input arising
during cornering and the like can be suppressed com-
pared to configurations in which, for example, the rein-
forcing layer 28 is provided on a flat crown portion 16.
The tire 10 is thus capable of suppressing an excessive
separation force between the reinforcing layer 28, which
includes the rubber 27, and the tire frame member 17
formed from the resin material from arising in response
to tire width direction input.
[0066] Moreover, in the tire 10, the projections 32 are
annular such that they extend along the tire circumfer-
ential direction, thereby enabling tire width direction
movement of the reinforcing layer 28 to be further sup-
pressed.
[0067] Moreover, since the height H of the projections
32 is set to a height no greater than the thickness T of
the reinforcing layer 28, the tire 10 is capable of sup-
pressing localized increases in rigidity at locations cor-
responding to the projections 32 of the crown portion 16
in comparison to configurations in which, for example,
the height H of the projections 32 is a greater height than
the thickness T of the reinforcing layer 28. On the other
hand, setting the height H of the projections 32 to a great-
er height than the tire radial direction length L1 from the

inner circumferential surface of the reinforcing layer 28
to the tire radial direction inner side end portion 26A of
the reinforcing cord 26 enables movement of the rein-
forcing cord 26 due to elastic deformation of the rubber
27 configuring the reinforcing layer 28 in response to tire
width direction input to be suppressed. Accordingly, an
excessive separation force can be effectively sup-
pressed from arising between the tire frame member 17
and the reinforcing layer 28 in response to tire width di-
rection input. In particular, in the present exemplary em-
bodiment, setting the height H of the projections 32 to a
greater height than the tire radial direction length L2 from
the inner circumferential surface of the reinforcing layer
28 to the center of the reinforcing cord 26 enables move-
ment of the reinforcing cord 26 in response to tire width
direction input to be even more effectively suppressed.
[0068] In the tire 10, the reinforcing layer 28 is formed
by winding the rubber-covered reinforcing cord 26 (in oth-
er words, the reinforcing cord member 25) in the tire cir-
cumferential direction to form a spiral pattern between
the two projections 32 of the crown portion 16. This im-
proves the tire circumferential direction rigidity of the
crown portion 16. Moreover, radial stretch of the crown
portion 16 (a phenomenon in which the crown portion 16
bulges out in the tire radial direction) as the tire revolves
is suppressed by the hoop effect of the reinforcing layer
28 formed by the rubber-covered reinforcing cord 26.
[0069] Moreover, in the tire 10, the inclined portions 33
of the projection wall faces 32A are inclined in the same
direction as the reinforcing cord 26 with respect to the
tire circumferential direction, such that a spacing (in other
words, the thickness of the rubber 27) S between the
inclined portions 33 and the reinforcing cord 26 is sub-
stantially uniform. Accordingly, in the tire 10, the advan-
tageous effect of suppressing movement of the reinforc-
ing cord 26 in response to tire width direction input is
greater than in a configuration in which, for example, the
projection wall faces 32A are inclined in a different direc-
tion than the reinforcing cord 26 with respect to the tire
circumferential direction. This thereby enables an exces-
sive separation force to be even more effectively sup-
pressed from arising between the tire frame member 17
and the reinforcing layer 28 in response to tire width di-
rection input.

Second Exemplary Embodiment

[0070] Next, explanation follows regarding a tire ac-
cording to a second exemplary embodiment of the
present invention. Note that configurations that are the
same as those of the first exemplary embodiment are
allocated the same reference numerals, and explanation
thereof is omitted where appropriate.
[0071] As illustrated in Fig. 5, a tire 40 of the present
exemplary embodiment has the same configuration as
the tire 10 of the first exemplary embodiment, with the
exception of the point that the height H of projections 42
is set to a height having the same value as the thickness
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T of the reinforcing layer 28.
[0072] Explanation follows regarding operation and
advantageous effects of the tire 40 of the present exem-
plary embodiment. Note that explanation regarding op-
eration and advantageous effects obtained by configu-
rations the same as those of the tire 10 of the first exem-
plary embodiment will be omitted.
[0073] In the tire 40, the height H of the projection 42
is set to a height having the same value as the thickness
T of the reinforcing layer 28, such that an apex face of
the projection 42 is in the same plane as the outer cir-
cumferential surface of the reinforcing layer 28. Accord-
ingly, tire width direction movement of the reinforcing lay-
er 28 in response to tire width direction input arising dur-
ing cornering and the like can be effectively suppressed.
Moreover, in the vulcanization process, the unvulcanized
rubber 27G can be even better suppressed from flowing
out to the tire width direction outer side of projection wall
faces 42A.

Third Exemplary Embodiment

[0074] Next, explanation follows regarding a tire ac-
cording to a third exemplary embodiment of the present
invention. Note that configurations the same as those of
the first exemplary embodiment are allocated the same
reference numerals, and explanation thereof is omitted
where appropriate.
[0075] As illustrated in Fig. 6, a tire 50 of the present
exemplary embodiment has the same configuration as
the tire 10 of the first exemplary embodiment, with the
exception of the configurations of a reinforcing layer 52
and projections 58. Note that the reinforcing layer 52 of
the present exemplary embodiment is an example of a
reinforcing layer of the present invention.
[0076] The reinforcing layer 52 is configured by over-
laying plural reinforcing plies 54 (two in the present ex-
emplary embodiment). The reinforcing plies 54 are each
formed by arranging plural reinforcing cords 56 so as to
extend at an angle with respect to the tire width direction,
and so as to be spaced apart from each other in the tire
circumferential direction, and covering the plural reinforc-
ing cords 56 with rubber. The respective reinforcing cords
56 in each of the mutually overlaid reinforcing plies 54
are inclined in opposite directions to each other with re-
spect to the tire circumferential direction.
[0077] Note that in Fig. 6, the rubber that covers the
reinforcing cords 56 is indicated by the reference number
57, and the two reinforcing plies 54 are indicated by the
reference numerals 54A and 54B in sequence from the
tire radial direction inner side. Moreover, the rubber 57
covering the reinforcing cords 56 has a substantially rec-
tangular shaped external profile with its length direction
running in the tire width direction.
[0078] Moreover, in the present exemplary embodi-
ment, the overlaid reinforcing ply 54A has a substantially
uniform width (tire width direction width). Moreover, the
reinforcing layer 52 has a substantially uniform width

around the tire circumferential direction.
[0079] The projections 58 have the same configuration
as the projections 32 of the first exemplary embodiment
with the exception of the points that projection wall faces
58A extend along the tire circumferential direction and
that a spacing (tire width direction length) between the
two projection wall faces 58A is substantially uniform. An
inner circumferential portion 52A of the reinforcing layer
52 is disposed between the two projections 58. Specifi-
cally, at least tire radial direction inner side portions of
the reinforcing cords 56 of the reinforcing ply 54B are
disposed between the two projections 58.
[0080] Next, explanation follows regarding a manufac-
turing method of the tire 50 of the present exemplary
embodiment.
[0081] Note that the manufacturing method of the tire
50 of the present exemplary embodiment may employ
the processes of the manufacturing method of the tire 10
of the first exemplary embodiment, with the exception of
the reinforcing layer forming process, and so the follow-
ing explanation pertains to a reinforcing layer forming
process of the tire 50.
[0082] In the reinforcing layer forming process of the
present exemplary embodiment, an unvulcanized rein-
forcing layer 52G that will become the reinforcing layer
52 is formed on the crown portion 16 of the tire frame
member 17. First, as illustrated in Fig. 8, plural of the
reinforcing cords 56 are arranged spaced apart from
each other in one direction, and are covered with rubber
57G in an unvulcanized state so as to form two unvul-
canized reinforcing plies 54G in belt shapes with ends.
Note that the one direction of the reinforcing ply 54G re-
ferred to here is synonymous with the length direction of
the reinforcing ply 54G. The reinforcing cords 56 are em-
bedded within the rubber 57G so as to extend at an angle
with respect to the width direction of the reinforcing ply
54G. Moreover, the width of the reinforcing ply 54G is
formed to a width corresponding to the spacing between
the two projections 58.
[0083] Next, the first reinforcing ply 54G is wound be-
tween the two projections 58 of the crown portion 16, and
the two length direction end portions of the first reinforcing
ply 54G are abutted against each other. Next, the second
reinforcing ply 54G is wound onto the outer circumfer-
ence of the first reinforcing ply 54G, and the two length
direction end portions of the second reinforcing ply 54G
are abutted against each other, thereby overlaying the
first reinforcing ply 54G with the second reinforcing ply
54G. When this is performed, the second reinforcing ply
54G is overlaid such that the reinforcing cords 56 of the
first reinforcing ply 54G and the reinforcing cords 56 of
the second reinforcing ply 54G are inclined in opposite
directions to each other with respect to the one direction
described above. In this manner, the unvulcanized rein-
forcing layer 52G is formed on the crown portion 16.
[0084] Next, explanation follows regarding operation
and advantageous effects of the tire 50 of the present
exemplary embodiment. Note that explanation regarding

13 14 



EP 3 290 230 A1

9

5

10

15

20

25

30

35

40

45

50

55

operation and advantageous effects obtained by config-
urations the same as those of the tire 10 of the first ex-
emplary embodiment will be omitted.
[0085] In the tire 50, the reinforcing layer 52 is formed
by the plural reinforcing plies 54 (two in the present ex-
emplary embodiment), and the respective reinforcing
cords 56 in each of the mutually overlaid reinforcing plies
54 are inclined in opposite directions to each other with
respect to the tire circumferential direction, thereby ob-
taining a pantograph effect. Accordingly, in the tire 50,
during travel, tire circumferential direction shear force
arising between the tread 30 and the crown portion 16
due to a difference between the diameters of the tread
30 and the crown portion 16 is absorbed by the reinforcing
layer 52. This thereby enables tire circumferential direc-
tion separation force arising between the crown portion
16 and the reinforcing layer 52 and between the reinforc-
ing layer 52 and the tread 30 to be reduced.
[0086] In the manufacturing method of the tire 50 of
the third exemplary embodiment, as illustrated in Fig. 8,
configuration is made in which the two reinforcing plies
54G are wound onto the crown portion 16. However, the
present invention is not limited to such a configuration.
For example, as illustrated in Fig. 9, configuration may
be made in which the unvulcanized reinforcing ply 54G
that has a belt shape with ends is divided into plural piec-
es in the tire circumferential direction to configure unvul-
canized ply pieces 55G. The ply pieces 55G may then
be affixed between the two projections 58 of the crown
portion 16 to form the unvulcanized reinforcing layer 52G.
Specifically, the ply pieces 55G are affixed between the
two projections 58 of the crown portion 16 around one
full turn to form the first reinforcing ply 54G, and then ply
pieces 55G are affixed to the outer circumference of the
first reinforcing ply 54G to form the second reinforcing
ply 54G. When this is performed, the ply pieces 55G are
affixed such that joints between the ply pieces 55G form-
ing the second reinforcing ply 54G do not align with joints
between the ply pieces 55G forming the first reinforcing
ply 54G (so as to be offset). The unvulcanized reinforcing
layer 52G may be formed in this manner.
[0087] In the tire 50 of the third exemplary embodiment,
the mutually overlaid reinforcing plies 54 have substan-
tially the same width as each other. However, the present
invention is not limited to such a configuration. For ex-
ample, as in a reinforcing layer 62 of a tire 60 of a modified
example illustrated in Fig. 7, configuration may be made
in which a tire radial direction outer side reinforcing ply
62B has a wider width than a tire radial direction inner
side reinforcing ply 62A, and projection wall faces 64A
of projections 64 are formed with steps 64B to accom-
modate the different widths of the reinforcing ply 62A and
the reinforcing ply 62B.

Fourth Exemplary Embodiment

[0088] Next, explanation follows regarding a tire ac-
cording to a fourth exemplary embodiment of the present

invention. Note that configurations the same as those of
the first exemplary embodiment are allocated the same
reference numerals, and explanation thereof is omitted
where appropriate.
[0089] As illustrated in Fig. 11, a tire 70 of the present
exemplary embodiment has the same configuration as
the tire 10 of the first exemplary embodiment, with the
exception of the provision of a cover layer 72. Note that
the cover layer 72 of the present exemplary embodiment
is an example of a cover layer of the present invention.
[0090] The cover layer 72 extends from the bead por-
tion 12 to the side portion 14 and covers an outer face
of the side portion 14. Specifically, the cover layer 72
extends from an outer face of one of the bead portions
12 of the tire frame member 17 to the outer face of one
of the side portions 14, passes outer circumferential sur-
faces of the crown portion 16 and the reinforcing layer
28, and extends over the outer face of the other of the
side portions 14 and the outer face of the other of the
bead portions 12, thereby fully covering the outer circum-
ference of the tire frame member 17. Note that in the
present exemplary embodiment, the two ends of the cov-
er layer 72 extend as far as tire radial direction inner side
ends of the tire frame member 17; however, it is sufficient
that the two ends of the cover layer 72 extend at least as
far as a position overlapping with a fitted rim, not illus-
trated in the drawings, in the tire width direction.
[0091] Moreover, the cover layer 72 is disposed further
inside the tire than the covering rubber 24 and the tread
30.
[0092] The cover layer 72 is formed by covering plural
cover cords (not illustrated in the drawings) in rubber.
The cover cords extend in a radial direction and are laid
spaced apart from each other in the tire circumferential
direction. Note that examples of the cover cords include
monofilaments (single strands) of metal fibers or organic
fibers, as well as multifilaments (twisted strands) of twist-
ed together metal fibers or organic fibers. Materials such
as steel may be employed as metal fibers, and materials
such as nylon, PET, glass, or aramids may be employed
as organic fibers.
[0093] Next, explanation follows regarding operation
and advantageous effects of the tire 70 of the present
exemplary embodiment. Note that explanation regarding
operation and advantageous effects obtained by config-
urations the same as those of the tire 10 of the first ex-
emplary embodiment will be omitted.
[0094] In the tire 70, the outer faces of the side portions
14 are covered by the cover layer 72 formed by plural
cover cords covered in rubber. Accordingly, for example,
the cut resistance performance of at least the side por-
tions 14 is improved in comparison to configurations in
which the outer faces of the side portions 14 are not cov-
ered by the cover layer 72.
[0095] In the fourth exemplary embodiment, the cover
layer 72 is provided to the tire 70. This configuration in
which the cover layer 72 is provided may also be applied
to the second exemplary embodiment, the third exem-
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plary embodiment, and the modified examples corre-
sponding to these exemplary embodiments.
[0096] In the tire 10 of the first exemplary embodiment,
the reinforcing layer 28 and the tread 30 are adhered
together using an adhesive. However, the present inven-
tion is not limited to such a configuration. Cushioning
rubber may be affixed to an inner circumferential surface
of the tread 30, and the tread 30 may be adhered to the
outer circumferential surfaces of the reinforcing layer 28
and the tire frame member 17 through the cushioning
rubber. Note that a configuration including the cushioning
rubber may also be applied to the second to the fourth
exemplary embodiments and to the modified examples
of these exemplary embodiments.
[0097] In the first exemplary embodiment, the reinforc-
ing cord 26 covered by the unvulcanized rubber 27G is
formed by winding the reinforcing layer 28 between the
two projections 32 of the crown portion 16, and then per-
forming vulcanization to manufacture the tire 10. How-
ever, the present invention is not limited to such a con-
figuration. For example, the tire 10 may be manufactured
by an alternative manufacturing method for the tire 10,
illustrated in Fig. 10. In this alternative manufacturing
method for the tire 10, a reinforcing cord 26 covered by
unvulcanized rubber 27G (an unvulcanized reinforcing
cord member 25G) is pre-coiled to form an annular rein-
forcing layer 28 which is then vulcanized to manufacture
a vulcanized reinforcing layer 28. The crown portion 16,
divided into tire frame half parts, is then inserted at the
circumferential inner side of the reinforcing layer 28 so
as to approach the reinforcing layer 28 from both sides.
This insertion is performed until the side faces 28B of the
reinforcing layer 28 abut the projection wall faces 32A of
the projections 32, after which the end portions of the
divided crown portion 16 are bonded together using a
thermoplastic resin, for example. Note that the reinforcing
layer 28 and the crown portion 16 are bonded together
by a pre-coated adhesive. An adhesive is then coated
onto the outer circumferences of the tire frame member
17 and the reinforcing layer 28 and the covering rubber
24 and the tread 30 are laid, thus manufacturing the tire
10.
[0098] In the second exemplary embodiment, the re-
inforcing layer 28 is disposed between the two projec-
tions 32, and the tread 30 is adhered to the reinforcing
layer 28 and the surrounding crown portion 16 using an
adhesive. However, the present invention is not limited
to such a configuration. For example, configuration may
be made in which an intersecting belt layer having the
same configuration as the reinforcing layer 52 of the third
exemplary embodiment is disposed on the outer circum-
ferential surface of the reinforcing layer 28.
[0099] In the third exemplary embodiment, the rein-
forcing layer 62 of a modified example is disposed be-
tween the two projections 64, and the tread 30 is adhered
to the reinforcing layer 28 and the surrounding crown
portion 16 using an adhesive. However, the present in-
vention is not limited to such a configuration. For exam-

ple, configuration may be made in which a spiral belt
layer having the same configuration as the reinforcing
layer 28 of the first exemplary embodiment is disposed
on an outer circumferential surface of the reinforcing lay-
er 62.
[0100] In the tire 10 of the first exemplary embodiment,
the projections 32 are configured with a substantially rec-
tangular cross-section profile. However, the present in-
vention is not limited to such a configuration. For exam-
ple, as in a projection 82 of a first modified example il-
lustrated in Fig. 12, the cross-section profile may be con-
figured with a substantially right-angled triangular shape.
Specifically, a face on the opposite side to a tire width
direction inner side projection wall face 82A (a tire width
direction outer side face) may be configured as an in-
clined wall face 82B that is inclined such that the width
of the projection 82 becomes wider on progression from
an apex portion to a base portion of the projection 82.
Employing such a configuration enables stress to be sup-
pressed from concentrating on the base portion of the
projection 82. Moreover, in a projection 84 of a second
modified example illustrated in Fig. 13, a face on the op-
posite side of a tire width direction inner side projection
wall face 84A (a tire width direction outer side face) may
be configured as a curved wall face 84B that inclines at
a curve such that the width of the projection 82 becomes
wider on progression from an apex portion to a base por-
tion of the projection 82. Similarly to the projection 82 of
the first modified example, the projection 84 of the second
modified example enables stress to be suppressed from
concentrating on the base portion of the projection 84.
[0101] Note that the configurations of the projection 82
of the first modified example and the projection 84 of the
second modified example may also be applied to the sec-
ond to the fourth exemplary embodiments and to the
modified examples of these exemplary embodiments.
[0102] In the tire 10 of the first exemplary embodiment,
the projections 32 are formed continuously along the tire
circumferential direction. However, the present invention
is not limited to such a configuration. For example, as in
a projection 86 of a third modified example illustrated in
Fig. 14, the projections may be formed intermittently
along the tire circumferential direction. Note that the con-
figuration of the projection 86 of the third modified exam-
ple may also be applied to the second to the fourth ex-
emplary embodiments and to the modified examples of
these exemplary embodiments.
[0103] Explanation has been given regarding exem-
plary embodiments as examples of implementation of
the present invention. However, these exemplary em-
bodiments are merely examples, and various modifica-
tions may be implemented within a range not departing
from the spirit of the present invention, and the sequence
of manufacturing processes may be modified as appro-
priate. Moreover, the scope of rights encompassed by
the present invention is obviously not limited to these
exemplary embodiments.
[0104] The disclosure of Japanese Patent Application
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No. 2015-090500, filed on April 27, 2015, is incorporated
in its entirety by reference herein.
[0105] All cited documents, patent applications, and
technical standards mentioned in the present specifica-
tion are incorporated by reference in the present speci-
fication to the same extent as if the individual cited doc-
ument, patent application, or technical standard was spe-
cifically and individually indicated to be incorporated by
reference.

Claims

1. A tire, comprising:

a circular tire frame member that is formed from
a resin material and that includes a bead portion,
a side portion continuous with a tire radial direc-
tion outer side of the bead portion, and a crown
portion continuous with a tire width direction in-
ner side of the side portion;
a reinforcing layer that is provided at a tire radial
direction outer side of the crown portion, and
that is formed by covering, with rubber, a rein-
forcing cord extending in a direction intersecting
the tire width direction; and
projections that are respectively formed at both
tire width direction sides of the crown portion
such that the reinforcing layer is interposed be-
tween the projections, that each project toward
the tire radial direction outer side, and that each
include a projection wall face at a tire width di-
rection inner side that is contacted by a side face
of the reinforcing layer.

2. The tire of claim 1, wherein each projection is annular
and extends along a tire circumferential direction.

3. The tire of either claim 1 or claim 2, wherein a height
of each projection is no greater than a thickness of
the reinforcing layer.

4. The tire of claim 3, wherein the height of each pro-
jection is greater than a length along the tire radial
direction from an inner circumferential surface of the
reinforcing layer to a tire radial direction inner side
end portion of the reinforcing cord.

5. The tire of any one of claim 1 to claim 4, wherein the
reinforcing layer is formed by winding the rubber-
covered reinforcing cord in a tire circumferential di-
rection to form a spiral pattern.

6. The tire of claim 5, wherein, as viewed from the tire
radial direction outer side of the crown portion, each
projection wall face is inclined in the same direction
as the reinforcing cord with respect to the tire cir-
cumferential direction.

7. The tire of any one of claim 1 to claim 6, further com-
prising a cover layer that is formed by covering a
plurality of cover cords with rubber, that extends from
the bead portion to the side portion, and that covers
an outer face of the side portion.
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